We performed combinatorial peptide library screening in vivo on a novel human prostate cancer xenograft that is androgenindependent and induces a robust osteoblastic reaction in bonelike matrix and soft tissue. We found two peptides, PKRGFQD and SNTRVAP, which were enriched in the tumors, targeted the cell surface of androgen-independent prostate cancer cells in vitro, and homed to androgen receptor-null prostate cancer in vivo. Purification of tumor homogenates by affinity chromatography on these peptides and subsequent mass spectrometry revealed a receptor for the peptide PKRGFQD, α-2-macroglobulin, and for SNTRVAP, 78-kDa glucose-regulated protein (GRP78). These results indicate that GRP78 and α-2-macroglobulin are highly active in osteoblastic, androgen-independent prostate cancer in vivo. These previously unidentified ligand-receptor systems should be considered for targeted drug development against human metastatic androgen-independent prostate cancer.
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peptides | ligand receptors | phage display | GRP78 | tumor targeting A ndrogen deprivation remains the standard therapy for metastatic prostate cancer. Despite the favorable initial response, in most cases the disease progresses, becomes androgen-independent, and gives rise to soft tissue and osteoblastic bone metastases that ultimately lead to death (1, 2) . Paradoxically, all currently available animal models of osteoblastic bone metastases are androgen dependent (3) (4) (5) (6) . The first (to our knowledge) human prostate cancer xenograft model that does not express androgen receptor but still induces a strong osteogenic response led Li et al. (7) to conclude that androgen receptor-null cells contribute to the castrate-resistant osteoblastic progression of prostate cancer and that targeting these cells will be critical in the treatment of prostate cancer bone metastases.
In vivo phage display can be used to explore the surface of cells in their anatomical microenvironment (8) (9) (10) (11) (12) (13) (14) . This technology enables the identification of molecular signatures that could allow targeted systemic delivery of therapeutic agents to cancer tissues (9, 12, 15, 16) . Using such methodology and the special prostate cancer model (7), we hypothesized that ligandreceptor pairs for targeting metastasizing androgen-independent prostate cancer cells could be identified.
Here we select two novel ligand peptides that were selected in vivo from human androgen-independent prostate cancer xenografts. We show that they target the surface of an androgenindependent prostatic cell line in vitro and home to androgen receptor-null prostate tumors in vivo. With affinity chromatography, we next isolated their respective receptors, 78-kDa glucose-regulated protein (GRP78) and α-2-macroglobulin, from tumor lysates and as a proof of principle verified the peptide-GRP78 interaction in vitro with recombinant GRP78. These data confirm that GRP78 is a functional molecular target on prostatic cancer cell surfaces in vivo. Such ligand-receptor systems may be applicable to targeted therapy and should be considered for validation against androgen-independent metastatic tumors.
Results
In Vivo Selection of Prostatic Tumor-Homing Peptides. We chose this novel prostate cancer xenograft model to select specific phage that home in vivo to bone-metastasizing tumors. The model is unique because it induces robust osteoblastic reaction despite its androgen independence (7) . Mineralized tissue is formed during tumor growth when the tumor is implanted into s.c. pockets (Fig.  1A) . Histological tumor specimens show dense bonelike tissue surrounded by soft prostate tumor tissue (Fig. 1B) .
To determine whether the soft tissue and bonelike matrix compartments of the tumor differed from each other, we divided the tumor into two compartments during the selection. This division was achieved by manual microdissection of the bone from the tumor soft tissue after the phage had circulated for 24 h. The recovered phage pools were maintained separately thereafter. The enrichment of phage in both soft tissue and bonelike matrix Significance This study shows how phage display technology can be applied successfully to in vivo models and can advance molecular oncology through the identification of tumor-homing peptides and their target receptors. Treatment options are still limited for prostate cancer patients who have progressed to develop castrate-resistant osteoblastic bone metastases. The peptides identified in this study may lead to breakthroughs in fighting metastatic androgen-independent prostate cancer by enabling drug targeting and nanotechnology-based therapeutic strategies and may lead to significant advances in the management and therapy of this frequently lethal disease.
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compartments is shown in Fig. 1C . The amount of phage recovered from the soft tissue compartment was enriched 12-fold after two rounds of enrichment. The enrichment of the phage in the bonelike matrix compartment was even more striking: After two rounds of selection, the enrichment increased 80-fold.
We sequenced 96 individual colonies of the plated bacterial culture aliquots from each round of selection. The recovered peptides displayed by the phage differed in the soft tissue and bonelike matrix compartments. The predominant sequences enriched in round 2 remained the same in round 3. After round 3, the three predominant phage clones recovered from the soft tissue compartment comprised 89% of the total peptide sequences. The corresponding value for two phage clones recovered from the bonelike matrix compartment was 48% (Table 1) . Three predominant peptides (PKRGFQD, RIDAGTT, and SGPTRGM) that were displayed on the surface of the phage and recovered from soft tissue and one of peptides recovered from bonelike matrix (SNTRVAP) were amplified individually for further analysis.
Individual Phage Clones Home to Tumors upon Systemic Administration.
To investigate the homing of the selected phage, we injected each clone i.v. into tumor-bearing mice. After 24 h, the mice were killed, and the tumors and several control organs were collected for analysis by phage staining. Substantial staining of the tumors for each phage clone was detected, whereas only background staining was observed in control organs. Negative-control phage was not detected in tumors or in several of the control organs. However, the location of the phage in the tumors differed among phage clones. PKRGFQD phage were localized predominantly in cancer cells, whereas SGPTRGM phage appeared in the stroma and capsule of the tumor. RIDAGTT phage also were observed in the tumor cells, but the immunoreactivity appeared to be weaker than that of PKRGFQD phage. As expected, the immunoreactivity of SNTRVAP phage was detected in the tumor cells near or within the bonelike matrix (Fig. 2) .
PKRGFQD and SNTRVAP Phage Are Internalized by Prostatic Cancer Cells. Next, we evaluated whether tumor-homing peptides would be internalized by prostatic tumor cells in vitro. We used the bone metastasis-derived, androgen-independent PC-3 cell line as representative of human prostate cancer-derived cells. Osteosarcoma and Kaposi's sarcoma cells were used as controls. Each phage clone, insertless negative control, or RGD-4C-positive control phage (9, 16, 17) was incubated with cells. Consistent with the homing in vivo, internalization of PKRGFQD and SNTRVAP phage was detected in PC-3 cells, but internalization of SGPTRGM and RIDAGTT phage was not. Control cells did not internalize any of the prostate cancer-homing phage, whereas all cell types readily internalized the control RGD-4C phage. No internalization was detected with insertless phage (Fig. 3 ).
GRP78 Is the Receptor for SNTRVAP. To identify receptors recognizing the tumor-homing phage, we used immobilized PKRGFQD, RIDAGTT, SGPTRGM, or SNTRVAP synthetic peptides to purify their binding partners from tumor homogenates. Because the peptides could have shared receptor(s), an unrelated control peptide affinity column was used to control nonspecific binding of the proteins to the resin. Eluted proteins were resolved on polyacrylamide gels and subsequently were stained. Each column bound high-molecular-weight proteins that were not found in other columns ( Fig. 4 A and B) . Unique proteins were excised from the gel and analyzed by mass spectrometry. Proteins from other columns that displayed similar mobility on SDS/PAGE were also analyzed by mass spectrometry as controls. The analysis confirmed that different high-molecular-weight proteins were eluted from each column. Two of the peptides bound to serum proteins: PKRGFQD interacted with α-2-macroglobulin, and SGPTRGM interacted with ceruloplasmin. Fibulin-1 was recovered from the column coupled with RIDAGTT. The SNTRVAP column bound GRP78.
Given that GRP78 is associated with metastatic androgenindependent prostate cancer and enables tumor targeting by circulating ligands (15, 18, 19) , we confirmed that proteins purified by other peptides did not contain GRP78 (Fig. 4B ). In addition, we validated the binding of SNTRVAP to GRP78. SNTRVAP phage and positive-control WIFPWIQL phage (15) bound to recombinant GRP78 in microtiter wells. The binding was specific, because there was no interaction with 70-kDa heat-shock cognate (Hsc70) or with BSA. Hsc70 protein was selected as a control because it belongs to the same heat-shock protein family as GRP78 and also was eluted from the SNTRVAP column. Insertless negative control phage did not bind to any of the proteins (Fig. 4C) . We also observed a complete inhibition of SNTRVAP phage and WIFPWIQL phage binding to GRP78 by the corresponding synthetic peptides. Notably, WIFPWIQL peptide did not affect the binding of SNTRVAP phage, and SNTRVAP peptide did not affect the binding of WIFPWIQL phage (Fig. 4D ).
Discussion
The treatment options for metastatic androgen-independent prostate cancer (20, 21) are limited. The lack of clinically relevant prostate cancer models has hampered the discovery of important molecules that permit androgen independence and therefore could be used as therapeutic targets. Recently, Li et al. (7) developed a novel prostate cancer xenograft model that did not express androgen receptor, grew in castrated SCID mice, and induced robust osteoblastic reactions. We used this model to perform in vivo phage display exploring functional receptors expressed on metastatic androgen-independent prostatic cancer cells. The aim was to discover new ligand-receptor pairs that could be used for targeted therapies.
Another advantage of this model is that it clearly induces the formation of bonelike tissue inside the tumor. Unlike tumors that grow inside bone, it is relatively easy to distinguish and separate its soft tissue and bone compartments in this model, so that the differentially homing phage can be identified. Sequences specifically enriched in each compartment did not appear in the other during the selection rounds, a result allowing two important conclusions: (i) selection and enrichment were highly specific, and (ii) the tumor microenvironment of the soft tissue compartment is different from that of tumors that reside inside or adjacent to bone.
To confirm the specific homing of the phage, we injected each individual clone into the circulation of tumor-bearing mice and visualized the clones in the tissues by immunostaining. According to the selection results, the phage that were enriched in the soft tissue compartment (PKRGFQD, RIDAGTT, and SGPTRGM) homed predominantly to soft tissue. The phage clone SNTRVAP, which was selected from the bonelike matrix compartment, homed to tumor cells within and adjacent to bonelike tissue. The location of different phage clones inside the soft tissue compartment varied significantly. PKRGFQD and RIDAGTT phage were observed in tumor cells, but SGPTRGM was seen only in the stroma and capsule of the tumor. Similar results were obtained with cultured tumor cells. PKRGFQD and SNTRVAP phage were internalized by an androgen-independent prostate cancer cell line but not by control sarcoma cell lines. SGPTRGM phage therefore appear to target the stromal cells of the tumor, and the receptor for this peptide is not abundant in tumor cells. In contrast, receptors for PKRGFQD and SNTRVAP phage are present on the surface of prostatic cancer cells but not on the surface of other cell types used here.
We were able to identify putative binding partners for all phage clones by affinity purification with synthetic peptides. Fibulin-1 was purified with RIDAGTT peptide. Fibulin-1 is present in the stroma of several ovarian cancers and cysts (22) and in normal bone marrow stroma (23) . It also makes breast cancer cells more resistant to doxorubicin (24) . Interestingly, fibulin-1 expression is decreased in prostate cancer compared with normal prostate epithelium but is accumulated inside prostate cancer cells despite the low expression levels (25) . Therefore it is feasible that prostate cancer cells in vitro do not produce fibulin-1 and do not internalize RIDAGTT phage. However, prostate cancer cells in vitro might take up fibulin-1-bound RIDAGTT phage from the stroma.
By SGPTRGM peptide-affinity chromatography, we purified ceruloplasmin, a copper-binding protein in plasma that is angiogenic at high concentrations (26) . The level of ceruloplasmin is increased in certain cancers (27) (28) (29) such as prostate cancer (30, 31) and after estrogen administration (32, 33) . Copper-chelating agents (e.g., tetrathiomolybdate) lower ceruloplasmin levels and are potent antiangiogenic agents, but their clinical efficacy in the treatment of metastatic androgen-independent prostate cancer still awaits Each individual phage clone, allowed to circulate for 24 h in tumor-bearing animals, homed specifically to the androgen-independent prostate cancer xenograft. Positive control phage with the WIFPWIQL insert, which binds to GRP78 and homes to prostate tumors (15) , were detected in tumor cells and also in the stroma of the tumor. Phage containing the PKRGFQD insert were detected generally in tumor cells in all areas of the tumor, whereas phage containing the SGPTRGM insert were detected predominantly in stromal cells and in the tumor capsule. Phage with the RIDAGTT insert exhibited similar distribution similar to that of the PKRGFQD phage but a weaker immunoreactivity. Phage containing the SNTRVAP insert recovered from the bonelike matrix compartment of the tumor were found predominantly in tumor cells adjacent to bonelike tissue. Insertless phage were not detected in the tumor. Only background levels of immunoreactivity were detected in control organs (brain and liver). (Scale bar, 100 μm.) verification (34) . It is most likely that SGPTRGM phage was bound to ceruloplasmin in plasma and was transported to the tumor with ceruloplasmin.
PKRGFQD peptide bound specifically to α-2-macroglobulin in tumor homogenates. α-2-Macroglobulin is a plasma protein that interacts with and entraps virtually any protease and thereby affects access to the respective substrates. It also interacts with several cytokines and hormones and modulates their activity (35) . In patients with prostate cancer, α-2-macroglobulin is proteolytically activated and signals predominantly through GRP78 to promote the proliferation and survival of cancer cells (36, 37) . The levels of both native and activated α-2-macroglobulin in serum decrease during disease progression (38) . Our observations suggest that prostatic cancer cells readily take up α-2-macroglobulin from serum, because the phage with the insert PKRGFQD most likely binds to the α-2-macroglobulin present in the circulation before internalization of the whole complex by the cells.
GRP78 protein was purified with SNTRVAP peptide. This protein is a stress-inducible, multifunctional, prosurvival, endoplasmic reticulum chaperone that belongs to the HSP70 family. GRP78 is composed of an ATPase domain, a peptide bindingdomain, and a C-terminal domain of unknown function (39) (40) (41) (42) (43) (44) . Several different cell types, including proliferating endothelial cells as well as tumor cells, express GRP78 on their surface (15, (45) (46) (47) (48) (49) (50) (51) (52) (53) (54) (55) . Notably, expression of GRP78 correlates with the development of metastatic androgen-independent disease and with poor survival (19, (56) (57) (58) (59) . Our results confirm these previous findings and emphasize the presence of GRP78 in the bone metastases from prostate cancer.
In summary, we discovered peptides that target metastatic androgen-independent prostate cancer in a relevant new human xenograft model. Affinity purification identified proteins that are all associated with cancer progression. In particular, α-2-macroglobulin and GRP78 are clearly implicated in the development of metastatic prostate cancer (35, 38, 48, 56, 58, 59) . We previously targeted prostate cancer with phage that bind to GRP78 (15) . However, in contrast to these previously described phage, those described here were selected from a naive library in vivo, and their homing capacities appear to be superior to those of the earlier constructs (15) . Thus the ligand peptides that we have identified in this report seem to be promising candidates for targeting metastatic androgen-independent prostate cancer.
Materials and Methods
Reagents. CB17 SCID mice were purchased from Charles River Laboratories. The fUSE5-based phage peptide library displaying cyclic random peptides (CX 7 C, in which C represents cysteine, and X represents a random amino acid) has been described previously (12, 56) . Cellgro cell and bacterial culture media were purchased from Mediatech. FBS, vitamins, nonessential amino acids, antibiotics, glutamine, and trypsin were from Gibco. Cell culture and plastic disposables were from BD Biosciences; Lab-Tek II Chamber Slides for internalization assays were from Nalge Nunc International. Individual protease inhibitors were from Sigma. Complete protease inhibitor mixture was from Roche. Rabbit anti-fd bacteriophage IgG was from Sigma, Cy3-conjugated goat anti-rabbit IgG was from Jackson ImmunoResearch Laboratories, and the EnVision+ System for immunohistochemistry was from DAKO. Peptides were synthesized as cyclic peptides to our specifications by PolyPeptide Laboratories. The unrelated peptide CARAC was used as a negative control unless otherwise specified. The CarboxyLink peptide immobilization kit was from Pierce. Millex filter units and Microcon YM-10 centrifugal filter units were purchased from Millipore. The Quick Start Bradford Protein Assay and all protein electrophoresis reagents were from Bio-Rad. SimplyBlue SafeStain Coomassie staining reagent was from Invitrogen. Endoproteinase trypsin (modified, sequencing grade) was obtained from Promega. All other chemicals used in proteolytic digestion and HPLC were obtained from Sigma. The Quadrupole ion trap mass spectrometer used in the proteomic analysis was manufactured by Thermo. The nonredundant protein database was downloaded from the National Center for Biotechnology Information GenBank database. Recombinant GRP78 and Hsc70 were from Stressgen Bioreagents. Rabbit anti-GRP78 IgG was from Sigma. Common laboratory chemicals were purchased from Fisher Scientific or Sigma.
Prostate Cancer Xenograft. Collection and phenotypic characterization of the MDA PCa 118b prostate cancer bone metastasis specimen has been described (7). Briefly, the specimen was obtained by needle biopsy from the sacroiliac zone of an exophytic osteoblastic lesion in the left hemipelvis of a 49-y-old Caucasian male with androgen-independent prostate cancer. The specimen was placed immediately in cold (4°C) sterile α-MEM (alpha Eagle's minimum essential medium), and small pieces subsequently were implanted into s.c. pockets of 6-to 8-wk-old male CB17 SCID mice. Mice were monitored weekly for tumor growth. All animal experimentation was reviewed and approved by the Institutional Animal Care and Use Committee at the University of Texas M. D. Anderson Cancer Center.
In Vivo Screening of Prostate Cancer Xenograft with the Phage Library. In vivo selection of tumor homing-peptides was performed as described (56) , with the following modifications. For round 1, tumor-bearing mice received 2 × 10 9 transducing units (TU) of phage peptide library i.v. After 24 h of circulation, the mice were perfused with 10 mM PBS (pH 7.4), and tumors were collected. Soft tissue and bonelike matrix compartments of the tumor were separated physically, weighed, and homogenized for phage recovery. The recovered phage pool was amplified and subjected to another round of selection. Recovered pools from soft tissue and bonelike matrix compartments were administered separately into different tumor-bearing mice. Three rounds of selection were performed.
Phage Recovery. Soft tissues of the tumor were homogenized with a glass Dounce homogenizer, and bonelike matrix tissues of the tumor were homogenized with a mortar and pestle under liquid nitrogen. Tissue homogenates were suspended in 1 mL of DMEM containing proteinase inhibitors (DMEM-prin; 1 mM phenylmethylsulphonyl fluoride, 20 μg/mL aprotinin, and Fig. 3 . Phage internalization by human prostate carcinoma PC-3, Kaposi's sarcoma, or osteosarcoma cell lines. PKRGFQD, SGPTRGM, RIDAGTT, SNTRVAP, RGD-4C (positive control), or insertless (negative control) phage were incubated with human cancer-derived cell lines for 12 h at 37°C to allow phage internalization. PKRGFQD and SNTRVAP phage were internalized by prostate carcinoma cells but not by sarcoma cells. SGPTRGM and RIDAGTT were not internalized by any cell type. RGD-4C phage were internalized by all cell types, and insertless phage were not internalized by any cell type that was tested. 1 μg/mL leupeptin), vortexed, and washed three times with DMEM-prin. The homogenates next were incubated with 1 mL of host bacteria (log-phase Escherichia coli K91kan; OD 600 ∼2). Aliquots of the bacterial culture were plated onto LB agar plates containing 40 μg/mL tetracycline and 100 μg/mL kanamycin. Plates were incubated overnight at 37°C.
Phage Homing Assay. Tumor-bearing mice under general anesthesia (Tribromoethanol; 250 mg/kg) received 2 × 10 10 TU i.v. of PKRGFQD, RIDAGTT, SGPTRGM, SNTRVAP, or insertless phage. Phage were allowed to circulate for 24 h. The mice subsequently were perfused, and the organs were collected. Half of each organ was snap-frozen in liquid nitrogen, and the other half was fixed in 10% (vol/vol) buffered formalin (pH 7.4). Tumors from left and right sides were frozen and fixed after soft tissue and bonelike tumor matrix compartments were separated. For phage staining, the bonelike matrix compartments were decalcified in PBS containing 10% (vol/vol) EDTA. All tissues were embedded in paraffin and were sectioned for staining. Frozen tissues were processed as described in the previous section. After infection, serial dilutions of the infections were plated, and the number of infective particles on these plates was counted on the next day.
Phage Staining. The sections were rehydrated and deparaffinized. After peroxidase-and protein-blocking steps, the phage were detected with rabbit anti-fd bacteriophage antibody (1:1,000 dilution). HRP-conjugated secondary antibody followed by 3,3′-diaminobenzidine-tetrahydrochloride chromogen was used to visualize the phage. Sections were counterstained with hematoxylin, dehydrated, and mounted. All washes before chromogen were performed with 0.05% Tween-20 (Sigma-Aldrich) in 50 mM Tris-buffered saline (pH 7.4).
Phage Internalization Assay. PC-3 prostate carcinoma, KRIB osteosarcoma, and Kaposi's sarcoma cells (5 × 10 4 ) were incubated with 5 × 10 9 TU of PKRGFQD, RIDAGTT, SGPTRGM, SNTRVAP, RGD-4C (positive control phage; refs. 9, 16, 17), or insertless fd-tet phage (negative control) in chamber slides for 12 h. After extensive washes, the cells were fixed, rendered permeable, and blocked with 1% BSA in PBS. The internalized phage was detected with rabbit anti-fd bacteriophage antibody (diluted 1:100) and Cy3-conjugated anti-rabbit antibody (1:200).
Receptor Purification. PKRGFQD, RIDAGTT, SGPTRGM, SNTRVAP, and unrelated control peptide columns were prepared with 5 mg of each peptide per the manufacturer's instructions. Tumors were collected from perfused animals; soft tissue and bonelike matrix compartments were separated physically and weighed, and 1.5 g of the bone compartment was homogenized under liquid nitrogen. Proteins were extracted in PBS containing 1 mM CaCl 2 , 1 mM MgCl 2 , 50 mM n-octyl-β-D-glucopyranoside, 1% Triton X-100, 0.2 mM PMSF, and complete protease inhibitor (Roche Life Science). After 1-h incubation at 4°C, the extract was cleared by centrifugation at 12,000 × g for 30 min. The cleared extract was filtered through a 0.45-μm PVDF syringe filter unit, and the protein concentration was measured. Twelve milligrams of protein extract was applied to SNTRVAP and unrelated control peptide columns. After extensive washing with PBS containing 0.01 mM CaCl 2 , 0.01 mM MgCl 2 , 50 mM n-octyl-β-D-glucopyranoside, 0.2 mM phenylmethylsulphonyl fluoride, and Complete protease inhibitors, the bound proteins were eluted in 1-mL fractions with 4 mM target peptide in washing buffer. All bound proteins were recovered in 1-mL fractions from a further elution with 0.1 M glycine in 0.1 M NaCl (pH 3.0) and were monitored by absorbance at 280 nm. Peak fractions were pooled and concentrated for protein determination. Four micrograms of protein were resolved on 4-20% SDS-polyacrylamide gels, and bands were visualized with SimplyBlue SafeStain reagent. Protein bands of interest were excised and analyzed by mass spectrometry.
Western Blotting. The protein samples of glycine fractions (0.25 μg) were resolved on 10% SDS-polyacrylamide gels and were blotted onto nitrocellulose membranes; GRP78 was visualized with anti-GRP78 antibody (1: 1,000).
Proteomic Analysis. Proteins were identified at ProtTech, Inc. in conjunction with nanoLC-MS/MS peptide-sequencing technology. Each gel band was destained, cleaned, and digested in-gel with sequencing-grade trypsin. The resulting peptide mixture was analyzed by an LC-MS/MS system, in which HPLC with a 75-μm i.d. reverse-phase C18 column was coupled in line with an ion-trap mass spectrometer. The acquired mass spectrometric data served to search the most recent nonredundant protein database with ProtTech's proprietary software suite. The output from the database search was validated manually before reporting.
Phage Binding to GRP78. Phage-binding assays on recombinant GRP78, Hsc70, and BSA were conducted as described (15, 57) . Briefly, proteins were immobilized on microtiter wells (1 μg per well) overnight at 4°C. Wells were washed twice with PBS, blocked with 3% (wt/vol) BSA in PBS for 2 h at room temperature, and incubated with 10 9 TU of SNTRVAP and WIFPWIQ phage clones or insertless fd-tet phage in 50 μL PBS containing 2% (wt/vol) BSA. After 1 h at room temperature, the wells were washed 10 times with PBS, and bound phage were recovered by bacterial infection. Synthetic SNTRVAP and WIFPWIQ peptides (10 μM) were used to evaluate the specificity of phage binding to GRP78. All experiments were done in duplicate and were repeated at least four times with similar results. Control column purifications were performed simultaneously from exactly the same protein lysates, and proteins of similar size also were subjected to mass spectrometry. (B) A representative Western blot of proteins after affinity purification. Protein (0.25 μg) from peptide columns after glycine elution were resolved on 10% SDS-polyacrylamide gels, blotted, and visualized with anti-GRP78 antibody. SNTRVAP peptide from affinity columns bound GRP78 protein not found in other columns. (C) Phage containing the SNTRVAP insert bound specifically to GRP78. GRP78, Hsc70, or BSA was coated on microtiter wells at 1 μg/mL, and the wells were incubated with SNTRVAP, and with WIFPWIQL phage as positive controls (15) or with an insertless phage as a negative control. Results are expressed as mean ± SEM of triplicate wells, relative to BSA. (D) Phage binding was blocked by a synthetic peptide. Because WIFPWIQL was solubilized in DMSO, phage binding also was performed in the presence of DMSO. SNTRVAP specifically blocked the binding of SNTRVAP phage, but not that of WIFPWIQL phage, to recombinant GRP78. Similarly, WIFPWIQL specifically blocked binding of WIFPWIQL phage but not that of SNTRVAP phage. An insertless phage served as a negative control. Results are expressed as mean ± SEM of triplicate wells, relative to BSA.
